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Summary: Sensitivity of taste sensations following exercise has been the focus of several studies with the outcomes 
somewhat equivocal and seemingly dependent on the type, duration, and intensity of exercise. Very few studies have 
looked at the infl uence of high intensity all-out exhaustive exercise on taste sensitivities and the purpose of present 
study was to assess the infl uence of this high-level of exercise on sensitivity to sweet and sour compounds. Four 
healthy young adult males and one female (mean ± SD: 23.2 ± 5.5 yrs) served as subjects. The exercise load was 
set to 80% of the maximal workload. The exercise trials required the subject to pedal an ergometer at the prescribed 
load until exhaustion, rest for three minutes, and then repeat this load until exhaustion again. Taste sensitivities to 
six levels of concentrations of sweet (sucrose) and sour (citric acid) compounds were assessed by the triangle test 
method before and after (10 mins.) completing the exercise. Each subject repeated the exercise on five separate 
occasions. The distinction rate for each compound concentration for each subject was calculated using inverse sine 
transformation. The derived sensitivity values were then analyzed by two way repeated measures ANOVA. The 
sensitivity to sucrose was not affected by exercise (p>0.05), nor was any interaction evident between the sucrose 
concentrations and exercise (p>0.05). However, sensitivity to citric acid was affected by the exercise (F1,4=14.09, 
P<0.02) with a much higher level of sensitivity following exercise. We believe that these outcomes provide 
additional direction for further study on the impact of exercise on specifi c taste sensitivities.
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Introduction
1. Background of the study
The sense of taste that involves interaction between 
specifi c chemical molecules in food and gustatory receptors 
in the mouth provides critical information about nutritional 
components. The taste sense is critical for detecting 
and avoiding some volatile or harmful substances, and 
it is important in helping to maintain energy balance 
homeostasis through direct links with appetite-satiety 
control centers. It is also essential in the enjoyment of foods 
and liquids consumed in meals and snacks. Taste is a basic 
biologic phenomenon and can be affected by other biologic 
factors that may be influenced by mental or physical 
stresses1-3). 
Exercise is a common physical stressor that initiates 
many physiologic responses. A rise in sensitivity to 
sweetness was observed after marathon running4) but not 
after mountain hiking4) whereas no change was observed in 
sweetness detection after completion of a strenuous 8-day 
cross-country running camp5). Clearly, the type, intensity, 
and duration of these activities were varied and these 
exercise characteristics may contribute to such equivocal 
outcomes. An increased sensitivity to sourness was noted 
in regular exercisers compared to non-exercisers6) and this 
same outcome was also noted after daily baseball training2) 
and after completing a marathon4). In contrast, sourness 
sensitivity decreased following a light cycling exercise 
for 10 min3). Again, although the cycling exercisc was 
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standardized (100W for 10 min), the characteristics of the 
other exercise activities were not standardized, making it 
diffi cult to clearly identify the impact of exercise on such 
sensitivities.
Physiologic responses to strenuous exercise are both 
acute and dramatic and the return of many responses 
towards baseline at the conclusion of such exercise is 
also quite rapid. While taste testing frequently assesses 
sensitivity to salt, bitter, sweet, and sour components, 
the completion of all four takes considerable time and 
is problematic if the direct effect of exercise on taste 
sensitivity is being assessed. Of these four tastes, bitterness, 
which is highly related to detection of harmful substances, 
seems quite robust. As well, salt sensitivity is believed to 
be associated with electrolyte-mineral status, with fl uid loss 
via heavy sweating typically required to disrupt electrolyte 
levels7). 
There is a dearth of information on the acute effects of 
controlled exercise on taste sensitivities in general, and, 
more specifically on the influence of short-duration, high 
intensity, exhaustive exercise. Because of the relatively 
short post-exercise timeframe, and because bitter and 
salt sensitivities are likely not as reactive following a 
short-duration exhaustive exercise for the reasons noted 
previously, taste sensitivity testing in the acute post-
exercise phase of this project was restricted to sour and 
sweet tastes.
2. Research hypothesis
Because sensitivity to sourness seems to be enhanced in 
exercisers in general and because sensitivity to sweetness 
was reportedly elevated after marathon running but not 
from either less intensive hiking or from multi-day training, 
we posited that all-out high intensity exercise to exhaustion 
would enhance sensitivity to both sweet and sour tastes.
3. Purpose of the study
Therefore, the purpose of the present study was to assess 
the impact of high intensity all-out exhaustive exercise on 
sensitivity to sweet and sour compounds..
Methods
1. Subjects
Four healthy young adult males and one female (mean ± 
SD: 23.2 ± 5.5 yrs) served as subjects.  Before participating, 
the subjects were informed of all experimental procedures, 
possible risks, and their voluntary withdrawal from the tests 
at any time. Formal consents were obtained, all procedures 
conformed to the Declaration of Helsinki, and the protocol 
approved by the Ethical Committee of Osaka Aoyama 
University. Subjects avoided strenuous exercise and alcohol 
intake 24 hrs prior to undertaking each test and did not 
consume any food and caffeine for at least 3 hrs prior to 
the test. All the tests for each subject were conducted at the 
same time of the day (± 1 hr).
2. Methods and procedures
2-1 Maximal aerobic capacity tests
All participants completed a progressive maximal 
aerobic capacity test using a bicycle ergometer (75XL II, 
Combi Wellness Co. Ltd, Tokyo, Japan). Subjects were 
connected to an automated respiratory gas analyzing system 
(VO-2000, S&ME Ltd, Osaka, Japan). The respiratory 
measures of ventilation, expired oxygen fraction, and 
expired carbon dioxide fraction were obtained at 20-sec 
intervals, and metabolic measures of oxygen consumption, 
carbon dioxide production, and respiratory exchange ratio 
(RER) were calculated from these data. Heart rate (HR) 
was monitored continuously throughout the progressive 
test using a Polar Vantage XL Heart Rate Monitor (Polar 
Electro Inc., NY, USA) and recorded at 20-sec. intervals. 
Subjects fi rst rested on the cycle ergometer for four minutes 
while instrumentation was connected and checked, and 
then completed a 4-min warm up (20W). All subjects then 
performed a ramped exercise test (20W/min) until volitional 
fatigue. The highest 20-sec value for oxygen consumption 
represented V
4
O2max and the existence of at least three 
of the following five criteria were used to determine if 
maximum was reached, 1) level off of V
4
O2 with increasing 
exercise intensity, 2) attainment of age-predicted HR ± 10 
bpm, 3) a RER > 1.1, 4) a blood lactate value ≥ 10 mmol/
L, and 5) Rating of Perceived Exertion (RPE) ≥ 19. All 
subjects satisfied at least three of these criteria. Blood 
lactate was determined from a 0.3 μL sample drawn from 
the fi ngertip 30 secs. after fi nishing the test and this sample 
was analyzed for lactate concentration (Lactate Pro Blood 
Lactate II Analyzer, Kyoto Daiichi Kagaku Co., Japan). 
RPE for breathing and for legs were reported from Borg’s 
6-20 Scale with values for legs recorded at 2-min intervals 
and at the end of the test.
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2-2 Exercise protocols
The exercise load designed to reach exhaustion for 
each subject, was individualized and was set at 80% of 
the highest workload attained by each subject during the 
maximal aerobic test. Upon establishment of the appropriate 
workload, the subjects pedaled a bicycle ergometer until 
exhaustion and then repeated this same procedure – again 
until exhaustion. A 3-min rest period separated the two 
exhaustive exercise bouts (see timeline - Fig. 1). 
2-3 Taste sensitivity tests
Sweetness and sourness sensitivities were assessed by 
the triangle test method8,9) and sensitivity to each was 
determined both prior to and 10 min after exercise. The 
triangle test is a type of sensory test to determine if there 
is a sensory difference between two products. Three cups 
containing 30mL of sample solution were presented to 
a subject. One sample set consisted of 3 cups: 1 cup of 
testing solution and 2 cups of distilled water. A sample set 
Fig. 1 The testing protocol timeline.
Each subject has taken two taste discrimination tests (before and after repeated 80% workload exercise) for 
sweetness and sourness in one day.
The order of taste sensitivity tests for sweetness and sourness was randomly assigned. 
※ X indicates duration for 1st all-out Ex. And Y indicates duration for 2nd all-out Ex.
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was provided to the subject and and he/she was asked to 
select the cup containing the testing solution. Six levels of 
each solution, administered in a descending concentration 
order, were used to assess the two taste sensitivities. 
Sweetness sensitivity was assessed using sucrose solution 
concentrations varying from 40mM down to 1.25mM 
(40mM, 20mM, 10mM, 5mM, 2.5mM, and 1.25mM) 
while citric acid solutions, varying from 200μM to 6.25μM 
(200μM, 100μM, 50μM, 25μM, 12.5μM, and 6.25μM) in 
concentration, were used for sourness sensitivity. Prior 
to beginning and in between each taste sensitivity test, 
the subjects rinsed their mouths thoroughly with distilled 
water. For each tasting test, the subjects sipped 30mL of the 
desired solution, swirled it around their mouth for several 
seconds to expose all receptors to the solution, and then 
spat the contents into a refuse container. 
Each subject repeated the exhaustive exercise bout on 
five separate occasions with each bout separated by at 
least two days. The order of testing for the two tastes was 
randomly assigned. With five separate exercise tests to 
exhaustion and with pre-exercise and post-exercise taste 
tests for each, a total of ten triangle tests were administered 
to each subject. The mean of all pre-exercise assessment 
responses for each subject and the mean of all post-exercise 
assessment responses for each subject were used for 
comparison analysis.
3. Statistics
Distinction rates of the two sensitivities for each subject 
were calculated using inverse sine transformation. The 
resultant data were then analyzed using a two-factor 
(Exercise (pre-post) x Concentration (6 levels)) analysis 
of variance (ANOVA) with repeated measure. For all 
outcomes, signifi cance was established at the 0.05 level of 
probability.
Results
Exercise bouts
All subjects recorded maximal or near maximal heart 
rates (within 220 – age ± 10bpm) and all reported 20 on the 
Borg 6-20 RPE scale for all exercise sessions, thus attesting 
to attainment of the high-intensity exhaustive level that 
was intended. The average first and second exercise-bout 
times to fatigue were 950.9 ± 416.9 and 253.2 ± 98.2 sec, 
respectively.
Taste sensitivity tests
The sensitivity to sweet solutions was not affected by 
the exercise bout (pre-exercise = 58.5% vs post exercise = 
57.0%, p>0.05)(Fig. 2A), nor was any interaction evident 
between the different sucrose concentration levels and 
exercise (p>0.05). However, there was a main effect of 
sucrose concentrations (F5,20 = 40.03, P < 0.001)  as 
anticipated. indicating that the subjects clearly distinguished 
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different sucrose levels in the solutions.  
Similarly to the sweetness test, different concentrations 
of citric acid were readily detected by the subjects (F5,20 
=15.16, P < 0.001). However, in contrast to sweetness the 
sensitivity to sourness was affected by the exercise (F1,4 
=14.09, P < 0.02) with a much higher level of detection 
sensitivity following the exercise (mean ± SD = 73.8 ± 
13.7%) compared to the preceeding exercise (60.1 ± 18.7%)
(Fig. 2B). There was, however, no interaction between  the 
exercise and citric acid concentrations for the sourness 
detection sensitivity.
 
Discussion
The purpose of the preset study was to assess the impact 
of high-intensity exhaustive exercise on taste sensitivity 
to sweet and sour compounds. In general, the subjects 
were able to readily detect varying concentrations of each 
compound.However, while the exercise did not affect the 
sensitivity to the taste of sucrose, it did affect sensitivity to 
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citric acid. This differential effect of exercise on various 
taste sensitivities suggests that a high level of physical 
exertion generates specific interactions rather than some 
centralized effects. 
The enhanced sensitivity to sour compounds is in contrast 
to the fi ndings of Nakagawa et al.3) who reported a reduced 
sensitivity to sourness. However, his light-moderate 
exercise (“lightly perspiring”) was quite different from our 
high intensity, exhaustive exercise bouts. Nakagawa also 
reported that exercise levels of reasonable intensity resulted 
in an elevation of saliva pH and posited that this elevation 
in buffering capacity of saliva could result in a decreased 
sensitivity to sour (acidic) compounds. Our observation of 
increased sensitivity to the sour compound does not support 
enhanced salivary buffering, at least as it relates to very 
heavy exercise. 
The maximal-exhaustive exercise load of the present 
study was substantially higher than that used by Nakagawa 
et al.3) when assessing salivary pH. With blood lactate 
levels well in excess of 10mmol/L at the end of the aerobic 
capacity test (11.8 ± 1.0 mmol/L), we assume that lactate 
levels were similarly high during the exhaustive cycling 
protocol. The high cardiac and perceptual responses to 
the exhaustive exercise bouts support this contention. 
High lactate levels refl ect saturation of chemical buffering 
compounds of the plasma and it may be that with the 
decrease in plasma pH, the acidic level of saliva is similarly 
altered following a very intense exercise. If this is indeed 
the case, then any reduced buffering capacity of saliva may 
well explain the increased sensitivity to pre-established 
acidic (sour) concentrations, although we have not 
measured salivary pH in the present study.
Exercise in general, not to speak of high intensity 
exercise,  generates substantial alterations in many 
physiologic and psychologic factors. Stress hormones and 
neurotransmitters are higher10), core temperature is elevated, 
and plasma pH typically decreases substantially. Interaction 
between these factors and a variety of other biologic 
functions including taste sensitivity is quite possible.
While the aforementioned changes were observed in 
sensitivity to sour compounds, sweetness sensitivity did 
not change. This observation contrasts with that of Uemura 
et al.5) who reported a rise in sweetness sensitivity after 
marathon running. However, our exercise intensity was 
substantially higher and the exercise duration was much 
Fig. 2A The Effect of All-out Exercise
on Sweetness Sensitivity
Data points are means ± SE (n=5).  
Fig. 2B The Effect of All-out Exercise
on Sournes Sensitivity
Data points are means ± SE (n=5).
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shorter. Epinephrine and cortisol secretions increase 
with very heavy exercise (>80% of V
4
O2max) 11), 12), and 
plasma glucose may be elevated through the activation 
of hepatic glycogenolysis by these stress hormones. In 
contrast, moderate intensity steady state exercise (60% to 
80% V
4
O2max) over a long duration results in decreases 
in plasma glucose13).  Sensitivity to sweet compounds 
is related to plasma glucose levels and these levels are 
affected by the sustained exercise-induced demands on 
this circulating substrate2). A decrease in blood glucose 
concentration is linked to the gluco-static theory of hunger 
and feeding regulation14) with a concomitant increase in 
sensitivity to sweet compounds. Although plasma glucose 
was not monitored, the intensity and duration of the 
exercise employed in this study supports a likelihood of 
high stress response hormone levels and the maintenance of 
plasma glucose at normal levels.
 
Conclusions
The results obtained in this study suggest that high-
intensity, short duration exhaustive exercise differentially 
affect taste sensitivities. We observed a signifi cant rise in 
sourness sensitivity and no change in sweetness sensitivity 
after the all-out exercise bouts. Explanations for the 
observations are not clear and further clarifi cation is needed 
with regard to many elements of physical activity such as 
intensity and duration, and how these interact with biologic 
aspects including plasma glucose concentrations, circulating 
hormone levels, and changes in pH of the plasma and saliva. 
This information provides insight into potential flavoring 
of foods and beverages that may be consumed following a 
short-duration high-intensity exercise to exhaustion.
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高強度のオールアウト運動は酸味感受性を高めるが
甘味感受性には影響を及ぼさない
中西　康人 1), 金子雅文 1), 吉村　智春 1), 
井上　翔太 2), 村上　尭之 2), Vincent NETHERY3)
1）大阪青山大学健康科学部健康栄養学科
2）武庫川女子大学大学院健康スポーツ科学研究科
3）セントラルワシントン大学教育学部栄養スポーツ健康科学科
要　旨
　運動後の味覚感受性変化について幾つかの研究がなされてきたが、運動様式、運動継続時間、運動強度などの
影響を受けて、その結果は一致しない。また、高強度のオールアウト運動が味覚感受性に及ぼす影響について検
証した研究はほとんど見られない。そこで、本研究は高強度のオールアウト運動が甘味、及び、酸味感受性に及
ぼす影響について明らかにすることを目的とした。健康な 4名の若年男性と 1名の若年女性を（平均 ± 標準偏差 : 
23.2 ± 5.5 yr）を被験者とし、最大負荷の 80％強度でのオールアウト運動を行った。運動前及び運動 10分後に
甘味（スクロース）、及び、酸味（クエン酸）の味覚感受性検査を 6段階の濃度を用いて三点識別法により行った。
逆正弦変換を用いて味覚識別率を算出し、得られた結果を繰り返しのある分散分析により分析した。分析の結果、
スクロース感受性については運動の主効果 (p>0.05)も交互作用（運動×濃度）効果 (p>0.05)は見られなかった。
しかしながら、クエン酸感受性については運動後に感受性が高くなるという運動の主効果 (F1,4=14.09, P<0.02)が
見られた。本研究により得られた結果は、運動が味覚感受性に及ぼす影響についての研究に対する基本的な方向
性を示すものとなると考えられる。
キーワード：高強度オールアウト運動，味覚感受性，三点識別法
